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(54) Receiver coils for magnetic resonance apparatus 



(57) A magnetic resonance apparatus includes a 
multi-mode receiver assembly which facilitates opera- 
tion in both a quadrature combination mode and phased 
array mode. The multi-mode receiver assembly in- 
cludes a receiver coil assembly (30) comprising a first 
RF coil assembly (32) and a second RF coil assembly 
(34). A signal combining circuit, which includes a switch 
means, performs at least one of combining and splitting 
magnetic resonance signals received by the first and 
second RF coil assemblies (30, 32). The application of 
a DC bias potential to the switch means switches the 
multi-mode receiver assembly into the quadrature com- 



bination mode in which the received magnetic reso- 
nance signals are phase shifted and combined into a 
quadrature signal and an anti -quadrature signal. The 
absence of a DC bias potential to the switch means 
switches the multi-mode receiver assembly into the 
phased array mode in which the received magnetic res- 
onance signals are phase shifted and passed individu- 
ally to corresponding receivers. The multi-mode capa- 
bility of the receiver assembly allows an operator to 
switch from a quadrature mode, which is provides faster 
reconstruction, to a phased array mode, which provides 
better image quality, within a single examination. 
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Description 

[0001] The present invention relates to the field of 
magnetic resonance. It finds particular application in 
conjunction with medical imaging and will be described 5 
with particular reference thereto. It is to be appreciated, 
however, that the invention may find further application 
in quality control inspections, spectroscopy, and the like. 
[0002] Conventionally, magnetic resonance systems 
generate a strong, temporally constant main magnetic 
field, commonly denoted B 0 , in a free space or bore of 
a magnet. This main magnetic field polarizes the nuclear 
spin system of an object. Nuciear spins of the object 
then possess a macroscopic magnetic moment vector 
preferentially aligned with the direction of the main mag* 
netic field. In a superconducting annular magnet, the B 0 
magnetic field is generated along the longitudinal axis 
of the cylindrical bore, which is typically assigned to be 
the z-axis. In an open system, the B 0 magnetic field is 
typically oriented vertically between a pair of pole piec- 
es, which is again assigned to be the z-axis. 
[0003] To generate a magnetic resonance signal, the 
polarized spin system is excited at resonance by apply- 
ing a radio frequency (RF) magnetic field B.,, with a vec- 
tor component perpendicular to that of the B 0 field. In a 
transmission mode, the radio frequency coil is pulsed to 
tip the magnetization of the polarized sample away from 
the z-axis. As the magnetization p recesses around the 
z-axis, the precessing magnetic moment generates a 
magnetic resonance signal at the Lamor frequency 
which is received by the same or another radio frequen- 
cy coil in a reception mode. 

[0004] Traditionally, RF receiver coils have been uti- 
lized with magnetic resonance imaging and spectrosco- 
py equipment in either quadrature mode or phased array 
mode. Quadrature coils typically include at least two 
coils or coil arrays which view the same region of inter- 
est, but are sensitive to signals 90° out of phase, such 
as a vertical field and a horizontal field. Analogously, 
birdcage coils, which are circularly polarized, have taps 
for two 90° out of phase output signals. Typically, the 
90° offset signals from the two coils or coil arrays are 
connected to an analog phase shifting circuit which 
causes both signals to have the same phase. Phase 
shifting and summing the signals typically provides a 
signal to noise improvement of about the square root of 
2. Quadrature mode is preferable where a limited 
number of channels exists and speed of reconstruction 
is important. 

[0005] Alternately, the receiver coils may be operated 
in a phased array mode in which the 90° offset signals 
are each forwarded individually to separate receivers. 
Operation in phased array mode is preferable where im- 
proved image quality is important, such as in transverse 
or coronal scans. Prior art coils either make the quad- 
rature combination on the coil in quadrature mode or 
output multiple signals to multiple receivers in phased 
array mode. 



[0006] In accordance with one aspect of the present 
invention, a magnetic resonance apparatus includes a 
main magnet which generates a main magnetic field 
through an examination region. A radio frequency (RF) 
transmitter coil positioned about the examination region 
excites magnetic resonance dipoles therein. An RF 
transmitter drives the RF transmitter coil. A multi-mode 
RF receiver coil assembly receives magnetic resonance 
signals from the resonating dipoles and at least two re- 
ceivers receive and demodulate output signals from the 
receiver coil assembly. The receiver coil assembly in- 
cludes at least one first RF coil which is sensitive to a 
magnetic field along a first axis. The receiver coil as- 
sembly further includes at least one second RF coil 
which is sensitive to magnetic fields along a second axis 
which is orthogonal to the first axis. A signal combining 
circuit which is operatively connected to the first and 
second RF coils has a quadrature combining mode in 
which it quadrature combines signals received by the 
first and second RF coils and a phased array mode in 
which it passes signals received by the first and second 
RF coils to corresponding receivers without combining 
the signals. A switch assembly is connected to the signal 
combining circuit. The switch assembly switches the 
combining circuit between the quadrature combining 
mode and the phased array mode. 
[0007] A multi-mode magnetic resonance method in- 
cludes generating a main magnetic field through an ex- 
amination region and transmitting RF signals into the ex- 
amination region to induce magnetic resonance in nu- 
clei. The induced magnetic resonance signals are re- 
ceived using a first RF coil and a second RF coil. The 
received magnetic resonance signals are phased shift- 
ed. One of a quadrature combination mode and a 
phased array mode is selected. In the quadrature com- 
bination mode, the phased shifted received magnetic 
resonance signals are combined, while in the phased 
array mode, the received magnetic resonance signals 
are passed uncombined. The received magnetic reso- 
nance signals are demodulated and reconstructed into 
an image representation. 

[0008] One advantage of the present invention is that 
it provides switching between quadrature combination 
mode and phased array mode depending on the type of 
examination. 

[0009] Another advantage of the present invention is 
that it permits an anti-quadrature signal from a quadra- 
ture combiner to improve image quality. 
[0010] Another advantage of the present invention is 
that it enables the use of quadrature mode for applica- 
tions which require faster reconstruction speed. 
[0011] Yet another advantage of the present invention 
is that it enables the use of phased array mode for ap- 
plications which require better image quality. 
[0012] Ways of carrying out the invention will now be 
described in detail, by way of example, with reference 
to the accompanying drawings, in which: 
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FIGURE 1 is a diagrammatic illustration of a mag- 
netic resonance system in accordance with the 
present invention; 

FIGURE 2 is a schematic illustration of a switchable 5 
combination circuit in accordance with the present 
invention; 

FIGURE 3 is a schematic illustration of a multi- 
mode combination circuit in accordance with the 
present invention; and 

FIGURE 4 is a preferred multi-mode receiver coil 
assembly in accordance with the present invention. 

[0013] With reference to FIGURE 1 , a main magnetic 
field control 10 controls superconducting or resistive 
magnets 12 such that a substantially uniform, temporal- 
ly constant main magnetic field B 0 is created along a z- 
axis through an examination region 14. Although a bore- 
type magnet is illustrated in FIGURE 1 , it is to be appre- 
ciated that the present invention is applicable to open 
or vertical field magnetic systems as well. A magnetic 
resonance sequence applies a series of radio frequency 
(RF) pulses and magnetic field gradient pulses to in- 
vert or excite magnetic spins, induce magnetic reso- 
nance, refocus magnetic resonance, manipulate mag- 
netic resonance, spatially and otherwise encode the 
magnetic resonance, to saturate spins, and the like to 
generate magnetic resonance imaging and spectrosco- 
py sequences. More specifically, gradient pulse amplifi- 
ers 20 apply current pulses to selected ones or pairs of 
whole body gradient coils 22 to create magnetic field 
gradients along x, y, and z-axes of the examination re- 
gion 14. Radio frequency transmitters 24, 26, preferably 
digital, transmit radio frequency pulses or pulse packets 
to a whole-body RF birdcage coil 28 to generate the B 1 
radio frequency fields within the examination region. A 
typical radio frequency pulse is composed of a packet 
of immediately contiguous pulse segments of short du- 
ration which, taken together with each other and any ap- 
plied gradients, achieve the selected magnetic reso- 
nance manipulation. The RF pulses are used to satu- 
rate, excite resonance, invert magnetization, refocus 
resonance, or manipulate resonance in selected por- 
tions of the examination region. For whole-body appli- 
cations, the resonance signals are commonly picked up 
in quadrature by the whole-body RF birdcage coil 28. 
[0014] Local coils are commonly placed contiguous to 
selected regions of the subject for receiving induced 
magnetic resonance signals from the selected regions. 
In the embodiment of FIGURE 1 , a local radio frequency 
coil 30 includes a planar loop coil 32 and a Helmholtz 
pair 34. In this configuration, the radio frequency loop 
coil 32 is primarily sensitive magnetic field components 
along a first vertical axis, while the Helmholt2 pair 34 is 
primarily sensitive to magnetic field components along 
a second horizontal axis, which is orthogonal to the first 



axis. It is to be appreciated that other specialized RF 
coils, such as a birdcage coil or butterfly and loop com- 
bination, may be utilized as well for receiving magnetic 
resonance signals having a 90° phase shifted relation- 
ship. The loop coil 32 and Helmholtz pair 34 are con- 
nected with a pair of amplifiers 36, 38. The amplified re- 
ceived resonance signals are conveyed to a combina- 
tion circuit 40, which includes an adder 42 and a switch 
44 for operation in a quadrature mode or a phased array 
mode based on the desired application. The workings 
of the combination circuit and switch are described more 
fully below. Preferably, the amplifiers 36, 38 and the 
combination circuit are mounted on the coil 30. The re- 
sultant radio frequency signals are demodulated by cor- 
responding receivers 46, 48. 

[0015] A sequence control processor 50 controls the 
gradient pulse amplifiers 20 and the transmitters 24, 26 
to generate any of a plurality of magnetic resonance im- 
aging and spectroscopy sequences, such as echo-pla- 
nar imaging, echo-volume imaging, gradient and spin 
echo imaging, fast spin echo imaging, and the like. For 
the selected sequence, the receivers 46, 48 receive a 
plurality of magnetic resonance signals in rapid succes- 
sion following RF excitation pulses. Analog-to-digital 
converters 52, 54, which are preferably incorporated. in- 
to the receivers 46, 48, convert each magnetic reso- 
nance signal to a digital format. The analog-to-digital 
converters 52, 54 are disposed between the radio fre- 
quency receiving coils and the receivers for digital re- 
ceivers and are disposed downstream (as illustrated) 
from the receivers for analog receivers. Ultimately, the 
demodulated radio frequency signals received are re- 
constructed into an image representation by a recon- 
struction processor 60 which applies a two-dimensional 
Fourier transform or other appropriate reconstruction al- 
gorithm. The image may represent a planar slice 
through the patient, an array of parallel planar slices, a 
three-dimensional volume, orthe like. The image is then 
stored in an image memory 62 where it is accessed by 
a display 64, such as a video monitor, active matrix mon- 
itor, or liquid crystal display, which provides a human- 
readable display of the resultant image. 
[0016] With reference to FIGURE 2 and continued ref- 
erence to FIGURE 1 , the combination and switch circuit 
40 receives amplified magnetic resonance signals from 
the RF coils 32, 34 which have a substantially 90° phase 
relationship. The combination and switch circuit in- 
cludes a switch assembly 44 1? 44 2 for switching be- 
tween a quadrature mode or a phased array mode. With 
the switches in a closed or short circuit position, the 
combination circuit operates in quadrature mode. The 
two signals are phase shifted 90° relative to each other 
and combined using a standard combiner 42. More spe- 
cifically, the signals that are shifted into phase alignment 
and summed become the quadrature output at channel 
1 , while anti-quadrature signals become the output at 
channel 2. With the switches in an open circuit position, 
the combination circuit operates in a phased array mode 
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in which the two signals are delayed, but otherwise un- 
altered, and passed separately to the receivers for fur- 
ther signal processing. 

[0017] With reference to FIGURE 3 and continued ref- 
erence to FIGURE 2, the switching function of the switch 
assembly 44.,, 44 2 , which is incorporated into the com- 
bination and switch circuit 40, is preferably achieved us- 
ing a pair of PIN diodes 80, 82, as shown. The switch 
assembly switches between the quadrature mode and 
the phased array mode based on the presence or ab- 
sence of a DC biasing potential at channel 2. The pres- 
ence of a DC biasing potential at channel 2 forward bi- 
ases the PIN diodes such that the two phase shifted sig- 
nals are combined. In contrast, without a DC bias at 
channel 2, the PIN diodes prevent current flow, acting 
as open circuits, such that the two phase shifted signals 
are passed separately to the receivers at channel 1 and 
channel 2, respectively. Those skilled in the art will ap- 
preciate that this switching capability allows an operator 
to switch modes, depending on desired application, 
within a single examination. For example, for applica- 
tions which require greater reconstruction speed, the 
operator would select the quadrature combination 
mode. For applications which require better image qual- 
ity, the operator would select phased array mode. 
[0018] In the quadrature or combination mode, the 
combination circuit outputs to the receivers 46, 48 a 
quadrature combined signal on channel 1 and an anti- 
quadrature signal on channel 2. It is to be appreciated 
that the anti-quadrature signal is approximately one-half 
the magnitude of the quadrature signal. The quadrature 
and anti-quadrature signals are then passed to separate 
receivers where they are demodulated and reconstruct- 
ed into two image representations, as described above. 
In another embodiment, the quadrature and anti-quad- 
rature image representations are then added or aver- 
aged, improving the signal-to-noise ratio. 
[0019] While the present invention has been de- 
scribed with reference to magnetic resonance systems 
having two RF coils and two channels, artisans will ap- 
preciate that the present invention is applicable to mag- 
netic resonance systems having four or more RF coils 
and channels as well. For example, with reference to 
FIGURE 4, a butterfly coil or Helmholtz coil 1 00 1 for one 
mode is curved to follow the contour of a patient's neck, 
while a flat loop coll 102 t for another mode is arrayed 
for imaging the spine. An array of flat loop or ladder coils 
1 02 2 , 1 02 3 , 1 02 4 are arrayed and mounted in a flat struc- 
ture or the patient couch for imaging of the spine in a 
mufti-channel configuration. In a neck imaging applica- 
tion, the butterfly and one loop or ladder coil are com- 
bined in quadrature as a single channel, leaving the re- 
maining coils and channels free for spine imaging appli- 
cations. Alternately, the coils in the head piece can be 
conveyed to separate receiver channels. 



6 

Claims 

1. A magnetic resonance apparatus having a main 
magnet (12) for generating a main magnetic field 

5 through an examination region (14), a radio fre- 
quency (RF) transmitter coil (28) positioned about 
the examination region (14) for exciting magnetic 
resonance dipoles therein, an RF transmitter (24) 
for driving the RF transmitter coil, a multi-mode RF 

10 receiver coil assembly (30) for receiving magnetic 
resonance signals from the resonating dipoles, and 
at least two receivers (46, 48) for receiving and de- 
modulating output signals from the multi-mode re- 
ceiver coil assembly (30), the multi-mode receiver 

*5 coil assembly (30) comprising: at least one first RF 
coil (32), said first RF coil assembly (32) being sen- 
sitive to a magnetic field along a first axis; at least 
one second RF coil (34), said second RF coil as- 
sembly (34) being sensitive to magnetic field along 

20 a second axis which is orthogonal to the first axis; 
a signal combining circuit (40) operatively connect- 
ed to the first (32) and second (34) RF coils, said 
signal combining circuit (40) having: (i) a quadrature 
combining mode for combining in quadrature sig- 

25 nals received by the first and second RF coils, and 
(ii) a phased array mode for passing signals re- 
ceived by the first and second RF coils to corre- 
sponding receivers without combining said signals; 
and a switch assembly (44 1 , 44 2 ) connected to the 

30 signal combining circuit (40), said switch assembly 
(44 1 , 44 2 ) being capable of switching the combining 
circuit (40) between the quadrature combining 
mode and the phased array mode. 

35 2. Magnetic resonance apparatus as claimed in claim 

1 , wherein the signal combining circuit includes: a 
phase shift circuit (42) operatively connected to at 
least one of the first RF coil (32) and the second RF 
coil (34) for phase shifting received signals by 90° 

40 relative to one another. 

3. Magnetic resonance apparatus as claimed in claim 

2, wherein: the switch assembly (44-,, 44 2 ) includes 
a pair of diodes, said diodes being responsive to a 

45 DC biasing potential. 

4. Magnetic resonance apparatus as claimed in claim 

3, wherein the presence of the DC biasing potential 
switches the receiver assembly to the quadrature 

50 combining mode. 

5. Magnetic resonance apparatus as claimed in any 
one of claims 2 to 4, wherein in the quadrature com- 
bining mode, the at least two receivers (46, 48) re- 

55 ceive a quadrature output signal and an anti-quad- 
rature output signal from the signal combining cir- 
cuit. 
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6. Magnetic resonance apparatus as claimed in claim 
5, said apparatus further comprising: a quadrature 
reconstruction processor (60) for reconstructing the 
quadrature output signal into a quadrature image 
representation; an anti-quadrature reconstruction 5 
processor (60) for reconstructing the anti-quadra- 
ture output signal into an anti-quadrature image 
representation; and an adder (42) for adding the 
quadrature image representation and the anti- 
quadrature image representation. 10 

7. Magnetic resonance apparatus as claimed in claim 
3 or claim 4, wherein the absence of the DC biasing 
potential switches the receiver assembly to the 
phased array mode, in which the at least two receiv- 15 
ers (46, 48) receive an output signal sensed by the 
first RF coil (32) and an output signal sensed by the 
second RFcoll (34). 

8. A multi-mode magnetic resonance method includ- 20 
ing: generating (12) a main magnetic field through 

an examination region; transmitting (24, 28) RF sig- 
nals into the examination region to induce magnetic 
resonance in nuclei; receiving (30) the induced 
magnetic resonance signals using a first RF coil 25 
(32) and a second RFcoil (34); selecting (44-,, 44 2 ) 
one of a quadrature combination mode and a 
phased array mode; in the quadrature combination 
mode, combining (42) and phase shifting received 
magnetic resonance signals; in the phased array 30 
mode, passing the received magnetic resonance 
signals uncombined; demodulating (52, 54) the re- 
ceived magnetic resonance signals; and recon- 
structing (60) the demodulated signals into an im- 
age representation. 35 

9. A method as claimed in claim 8, wherein the select- 
ing step includes: optionally applying a DC bias to 
a switch assembly (44.,, 44 2 ) to select the quadra- 
ture combination mode; and combining (42) the re- 40 
ceived signals into a quadrature signal and an anti- 
quadrature signal. 

10. A method as claimed in claim 9, further including: 
reconstructing (60) the quadrature signal into a «5 
quadrature image representation; reconstructing 
(60) the anti-quadrature signal into an anti-quadra- 
ture image representation; and combining the 
quadrature anti-quadrature image representations. 
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(57) A magnetic resonance apparatus includes a 
multi-mode receiver assembly which facilitates opera- 
tion in both a quadrature combination mode and phased 
array mode. The multi-mode receiver assembly in- 
cludes a receiver coil assembly (30) comprising a first 
RF coil assembly (32) and a second RF coil assembly 
(34). A signal combining circuit, which includes a switch 
means, performs at least one of combining and splitting 
magnetic resonance signals received by the first and 
second RFcoil assemblies (30, 32). The application of 
a DC bias potential to the switch means switches the 
multi-mode receiver assembly into the quadrature com- 



bination mode in which the received magnetic reso- 
nance signals are phase shifted and combined into a 
quadrature signal and an anti-quadrature signal. The 
absence of a DC bias potential to the switch means 
switches the multi-mode receiver assembly into the 
phased array mode in which the received magnetic res- 
onance signals are phase shifted and passed individu- 
ally to corresponding receivers. The multi-mode capa- 
bility of the receiver assembly allows an operator to 
switch from a quadrature mode, which is provides faster 
reconstruction, to a phased array mode, which provides 
better image quality, within a single examination. 
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